Economic performance of net-zero energy building/community (ZEB/ZEC) is an important factor that affects potential investors' decision on installing renewable energy systems (RES). A reward-penalty mechanism (RPM) is proposed for accelerating the development of zero energy communities, which is developed without considering the reliability effect from RES generation. However, an investigation is deserved for the reliability effect of RES on building economic performance. A case study is therefore conducted based on an assumed community consisting of 20 family houses, in which the electricity load was collected by the smart meter for more than one year. The results show that the proposed RPM works efficiently under an ideal condition, while the costs of the community and its buildings are greatly increased when the effect of PV system reliability is considered. Specifically, the total cost of the community under 1.0ZEC design is 5 005 USD/yr in the first year, which increases to 11 341 USD/yr in the 25 th year. By contrast, the total cost of the community under 1.2ZEC design is 5 243 USD/yr in the first year and increases to 9 607 USD/yr in the 25 th year. It is believed that the results of this study can provide a progressive perspective for scheme makers and building owners in terms of its economic benefit. Development of enhanced RPM by considering system reliability will be investigated in our future work.
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INTRODUCTION
The increasing electricity consumption is a significant contributory factor associated with problems both in the areas of energy conservation and environmental protecti on [1] , [2] . In this context, the construction sector has been recognized to be responsible for the high energy consumption and environmental degradation [3] , [4] . To solve this problem, sustainable buildings, e.g., green buildings and low/net-zero energy buildings, have been advocated as a guiding paradigm to sustainable development [5] , [6] .
Two questions, i.e., how to motivate owners to renovate their homes and increase energy efficiency and what business models should be used to implement economically viable and high-quality projects, were proposed based on a survey study of buildings in Latvia [7] . Incentive policy is a promising method that has been established worldwide to encourage the development of green buildings as project owners are driven to adopt green building practices. Generally, incentives can be defined as something that influence people to act in certain ways [8] . Usually, the government is responsible for administering the external incentives, in which the beneficiaries are handed a forced choice of meeting a specified green building related condition or requirement so as to benefit from this type of incentives [9] . The external incentive involves direct financial incentives and non-financial incentives, and the tax incentive is a popular financial incentive offered by the government, especially in the USA [10] . Although no direct costs are involved in non-financial incentives, they are actually financially rewarding because it saves owners' time by mitigating risk and process issues [11] , [12] . The internal incentives involve human well-being related incentive, demand related incentive, gratifying incentive, persuasion and inspirational incentive, and this kind of incentives is a forced choice and beneficiaries are required to fulfil specified conditions or requirements before benefitting [13] . The gratifying incentives are an effective way of assessing the achievement of green buildings. The certification provides the owners with a Environmental and Climate Technologies ____________________________________________________________________________ 2019 / 23 28 feeling of gratification since their image and reputation are increased. For instance, the Green Builder logo of the Austin Green Building Program, Texas, US, helps participants increase their reputation and competition [14] . In the USA, the level of LEED certification (e.g. LEED Platinum, LEED Silver) is highly important for a new project in the Real Estate industry since it helps participants differentiate themselves from their competitors [1 5], [16] . A further investigation and comparative analysis of LEED projects can be identified in the literatures [17] , [18] .
For green society construction and sustainable development, the use of renewable energy resources has been accepted as a positive solution. A survey of current statues, problems and prospects was conduct on renewable energy development in Malaysia [19] . Substantial financial incentive policies, i.e. investment subsides, net metering schemes, and feed -in tariff, etc., mainly contribute to the widespread of renewable energy application [20] , [21] . For instance, in the study of Banovac et al. [22] , four most important regulatory functions ((licensing, monitoring, tariff setting and implementation, and customer protection) were used to define the regulatory mechanism with sufficient fidelity. The authors estimated that these functions together account for more than 80 % of all regulatory activity. Li et al. [23] established a two-level decision sub-game led by the national government and compares the cost-saving effect before and after the application of Chinese Certified Emission Reduction scheme. A survey of impact models underlying 60 agri-environmental schemes in seven EU member states was conducted by Primdahl et al. [24] , based on which the role of impact models at different stages in the agri-environmental schemes policy process can be identified. Although a growing body of research were identified to focus on how to make and adjust incentive mechanisms in the context of the technical innovation of renewables and the curtailment of incentive rates, few incentives are developed specifically for net zero energy building [25] . To address these problems, Lu et al. [25] introduced a penalty cost to ensure that a minimum total cost is located within a safety factor of 1.0 (i.e., 1.0ZEB). The results show that ZEB owners would pay only half of the original cost. And then they further investigated the effective of penalty cost using two segmented functions, which was demonstrated to work successfully in the case of Hong Kong zero carbon building [26] .
However, no reward-penalty mechanism has been developed at a community level that aims to achieve zero energy community. In addition, the reliability of generation system can affect the power generation which may result in a great difference on expected economic performance for building owners. This study is therefore conducted to investigate the influence of the reliability of PV system on the economic cost of a community and its buildings under the developed reward-penalty mechanism. Fig. 1 shows the main procedure for developing and applying community-level RPM. In general, a community load level and the level of zero energy community are two key factors for the development of community-level RPM. Firstly, the hourly energy consumption profile from a community is required based on its historical energy consumption data. Then, PV system-driven zero energy community (ZEC) are divided into several levels , based on which the required PV system, annual initial cost as well as annual operation cost could be derived. Thus, the traditional annual cost of the community (i.e., Cio, initial cost and operation cost) can be fitted as a linear fitting formula, as shown in Eq. (1). A reward-penalty function Eq. (2) is introduced to follow a quadratic concave curve, enabling the cost -effective system selection for a community where a high PV system should be expected. Therefore, the total cost can be calculated in Eq. (3) based on Eq. (1) and Eq. (2). Given three conditions (i.e., the preference of scheme makers' decision, like Eq. (4)-(6)), the reward-penalty function can be solved. For instance, the ratio (ɛ1, ɛ2) of the total cost to the initial & operation cost at 0.0ZEC design and 1.0ZEC design, respectively; and the level of ZEC corresponding to the lowest total cost. Finally, the total cost (TC) for the community under RPM is the sum of traditional annual cost (Cio) and reward-penalty value (Crp).
DEVELOPMENT OF REWARD-PENALTY MECHANISM FOR A COMMUNITY
Thirdly, apply the RPM to the community and then obtain the corresponding total cost for different levels of zero energy community (Rzec). Therefore, the total cost is the accumulated cost of the entire buildings in the community. The last step is to allocate the cost to each building based on its load level, as shown in Eq. (7) . Where, TCn is the allocated cost for building n, Ebec,n and Ecec are the energy consumption of building n and energy consumption of the community, respectively. It is assumed that the cost is allocated based on the level of building energy consumption. 
RELIABILITY ANALYSIS OF PV SYSTEM
The representation of all possible states in a space state diagram is called Markov chain [27] . The states employed to define the reliability model of each generation unit are: "1" operating, "2" repairable failure and "3" obsolescence. The transitions rates are defined as: failure λr, repair μr and degradation λF. Fig. 2 shows the model developed by Alvarez-Alvarado and Jayaweera [28] , which is employed for PV system reliability analysis in this study. The degradation rate can be calculated by Eq. (8). 
The probability of being in each state can be mathematically determined from the stochastic matrix of transition states H. This matrix is the infinitesimal generator of dimensions z·z, where z is the total number of states [29] . 
Then, the probability vector of all possible states is determined by Eq. (10), where υ is the eigenvalues of H T , v is the eigenvectors of H T and k is a constant given by the initial state; T indicates the transpose of the matrix [30] , [31] .
A measure of reliability is the availability of the component, and it is defined as the sum of the probabilities of being in operating state, as shown in Eq. (14) . By considering the aging effect of PV system, the availability of PV system is reduced as time passes, as displayed in Fig. 3 and Table 1 . 
CASE STUDY AND RESULT ANALYSIS
Description of Case Study
The proposed RPM strategies are investigated based on the electricity consumption of a community consisting of a randomly selected 20 family-houses in Ireland [32] . The data set are collected from the smart meter data with half-hourly records for more than one year [33] . In this study, the temperature and solar energy in Dublin, Ireland are used to evaluate PV generation. The average temperature and irradiation on optimally inclined p late in Dublin (longitude is 53°26'10", latitude is 6°15'53") are displayed Table 1 , where, the average annual temperature and available irradiation on optimally inclined plate are identified to be 10.2 ℃ and 3 020 Wh/m 2 /day. The range of the annual building electricity load is observed to between 1 476 and 11 191 kWh/yr, and the 20 buildings are arranged according to its load as shown in Fig. 4 . A summary of the entire community electricity load is presented in Fig. 5 , it is observed that the load of the entire community ranges from 8 000 to 12 000 kWh/month, and it is 120 567 kWh for a year.
PV array is assumed for supplying power to the grid-connected community, which takes into account the effect of temperature as calculated in Eq. (15), where Epv,i is the PV generation per kW at the hour i, fpv is the PV derating factor (%) and is selected to be 0.9, IT,i is the solar radiation on the surface of the PV array (kW/m 2 ) at the time i, and IS is the radiation under standard test conditions (1 kW/m 2 ). The temperature coefficient of power is represented by kp (%/℃), TC and TSTC are the PV module temperatures in the current hour (℃) and under standard test conditions (25 ℃ 
The zero-energy level of a community (Rzec) is defined as the ratio of on-site PV energy generation (Epv) to its energy consumption, as shown in Eq. (16), a higher value of Rzec represents a higher zero energy level of the community. Based on the electricity consumption data of 20 family-houses, the reward-penalty function at community level is solved, i.e., Crp = 191.801•Rzec 2 -36.171•Rzec + 12.057. The total cost is therefore represented as: TC = 19.181·Rzec 2 -38.361•Rzec + 24.114. The effect of applying community-level RPM on the total cost of the community is reflected as shown in Fig . 6 . It can be observed that the developed RPM reshapes the original cost curve into a significant descending concave curve. The maximum value of the total cost is 24 114 USD/yr under a selection of 0.0ZEC design, which is twice time of the traditional buildings without RES system. By contrast, the minimum value of the total cost is 4 934 USD/yr under a selection of 1.0ZEC, which is only half of that in traditional community without RES system. The developed RPM for the community is demonstrated efficient from the reshaped total cost of the community. That is to say, a great profit can be expected for a community at 1.0ZEC design whilst a significant fine will be paid at a lower ZEC level design. 
Economic Cost under RPM
Economic Cost under 1.0ZEC Design
Under ideal condition, the annual total cost of the community is 4 934 USD/yr at a selection of 1.0ZEC design, which considers PV reliability of 1.0 as time passes. However, this is not the real case and the reliability of PV system is usually decreased with time. Since the reliability of PV system has a great impact on power generation, the level of zero energy community is changing year by year, resulting in an increasing total cost as shown in Fig. 7 . The total cost of the community at 1.0ZEC design is observed to be 5 005 USD/yr in the first year, which increases to 6 718 USD/yr in the 10 th year, 9 767 USD/yr in the 20 th year and 11 341 USD/yr in the 25 th year, and the average annual cost is supposed to be 7 774 USD/yr. Accordingly, the total cost is then allocated for each building, as shown in Fig. 8 and Table 3 . The cost of each building also increases with years. For instance, the cost of 1 st Building (B1) is 61 USD/yr in the 1 st year and increases to 139 USD/yr in the 25 th year, its average annual cost is identified to be 95 USD/yr. By contrast, the cost of 20 th Building (B20) is 465 USD/yr in the 1 st year and increases to 1 053 USD/yr in the 25 th year, its average annual cost is identified to be 722 USD/yr. In general, the total cost of each building in the 25 th year is more than twice that in the 1 st year. 
Economic Cost under 1.2ZEC Design
Since the reliability of PV system decreases with time, a selection of ZEC level is expected to be higher than 1.0ZEC for a community. Therefore, the economic cost under 1.2ZEC design is further investigated and compared with the case under 1.0ZEC design. As shown in Fig. 9 , the total cost of the community is first seen to decrease and then increase as time passes. For instance, the total cost is observed to be 5 243 USD/yr in the first year, which increases to 5 462 USD/yr in the 10 th year, 8 039 USD/yr in the 20 th year and 9 607 USD/yr in the 25 th year. The average annual cost is supposed to be 6 548 USD/yr, which is reduced by 15.8 % compared with that under 1.0ZEC design (7 774 USD/yr).
Similarly, the total cost allocated for each building is also increased with time, as shown in Fig. 10 and Table 4 . For instance, the cost of 1 st Building (B1) is 64 USD/yr in the 1 st year and increases to 118 USD/yr in the 25 th year, and the average annual cost is identified to reduce from 95 USD/yr under 1.0ZEC design to 80 USD/yr under 1.2ZEC design. By contrast, the cost of 20 th Building (B20) is 487 USD/yr in the 1 st year and increases to 892 USD/yr in the 25 th year, and the average annual cost is identified to reduce from 722 USD/yr under 1.0ZEC design to 608 USD/yr under 1.2ZEC design. In general, the total cost of each building, as well as the community, is less than that under 1.0ZEC design. 
CONCLUSION
This study investigates the economic performance of a net-zero energy community (ZEC) under the proposed reward-penalty mechanism (RPM) by considering PV system reliability. A case study is conducted based on a community consisting of 20 family houses in Ireland. The proposed RPM can bring a great profit for the community under a selection of a higher zero energy level, while a heavy fine will be required for the community with a selection of a lower zero energy level.
The aging effect of PV system is observed to have a significant negative impact on total cost for both the community and its buildings. In terms of 1.0ZEC design, the total cost of the community is 5 005 USD/yr in the first year and increases to 11 341 USD/yr in the 25 th year, while the average annual cost is supposed to be 7 774 USD/yr. In terms of 1.2ZEC design, the total cost of the community is 5 243 USD/yr in the first year and increases to 9 607 USD/yr in the 25 th year, while the average annual cost is supposed to be 6 548 USD/yr. Thus, further investigation will be conducted on the development of enhanced RPM by considering system reliability.
